Introduction {#sec1}
============

Substituted benzofuran derivatives have drawn considerable attention for their wide distribution in naturally occurring and designed molecules,^[@ref1],[@ref2]^ displaying a diverse range of useful biological activities.^[@ref3]^ Examples include amiodarone, a clinically used drug for controlling intractable cardiac arrhythmias^[@cit3a]^ and daphnodorin A and B displaying α-glucosidase inhibitory, antifungal, insecticidal, and antitumor activities.^[@cit3b]^ A few of the synthetic benzofuran derivatives also act as inhibitors of receptor kinases for treatment of disorders related to angiogenesis.^[@cit3a]^ Consequently, development of new efficient methods for the assembly of substituted benzofurans is of considerable interest, and a number of approaches for the construction of this privileged structure have been described in the literature,^[@ref3]−[@ref6]^ including many based on transition-metal catalysis^[@ref2]−[@ref4],[@ref6]^ and intramolecular hydroalkoxylation of *o*-alkynylphenols.^[@cit5a]−[@cit5d]^

During the course of our studies directed toward synthesis of heterocycles employing organosulfur intermediates,^[@ref7]^ we have recently reported a novel route to substituted 2-(het)aryl-3-cyanoindoles **3** from 2-(2-bromoaryl)-3-(het)aryl-3-(methylthio)acrylonitriles **1** involving displacement of (methylthio) group by amines, followed by copper-catalyzed intramolecular heterocyclization of the in situ-generated enaminonitriles **2** ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).^[@ref8]^

![Previous Synthesis of Substituted Indoles](ao-2018-01172f_0008){#sch1}

In continuation of these studies, we considered synthesizing *N*-(benzyloxycarbonyl)indole **6**, following a similar strategy, by initially reacting **1a** with benzyl carbamate **4a** under basic conditions, followed by Cu(I)-catalyzed intramolecular cyclization of the corresponding *N*-(benzyloxycarbonyl)enaminonitriles **5**. However, work-up of the reaction did not yield the expected indole **6** but the product isolated was found to be 3-cyano-5-methoxy-2-(4-methoxyphenyl)benzofuran **7a** ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). Subsequently, we found that the initial product, formed by the reaction of benzyl carbamate and **1a** in the presence of NaH, was not the expected enaminonitrile **5** but was characterized as α-aroyl-α-(2-bromoaryl)acetonitrile **8a**. Apparently, intramolecular heterocyclization of **8a** in the presence of copper catalyst afforded the benzofuran **7a** ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). This unexpected result prompted us to investigate the potential of this protocol for general synthesis of substituted 2-(het)aryl-3-cyanobenzofurans **7** directly from 2-(2-bromoaryl)-3-(methylthio)acrylonitriles **1**. 2-Aryl-3-cyanobenzofurans have been shown to be intermediates for the synthesis of hepatitis C virus inhibitors.^[@cit6a]^ A few of these 3-cyano-2-arylbenzofurans are also found to be efficient blue light emitting fluorophores.^[@cit6a]^ Some of the reported methods for this class of compounds include transition-metal-catalyzed cyanation of 3-halobenzofurans,^[@cit6a]^ palladium-catalyzed intramolecular cyclization of *E*-3-aryloxyacrylonitriles,^[@cit4c]^ FeCl~3~-mediated ring closure of α-aryl ketones via C7a--O bond formation,^[@cit6f]^ and copper-catalyzed condensation rearrangement of arylacetonitriles and *o*-hydroxybenzaldehydes.^[@cit6a]^

![Attempted Synthesis of *N*-(Benzyloxycarbonyl)indole and Formation of Benzofuran](ao-2018-01172f_0001){#sch2}

Results and Discussion {#sec2}
======================

We first examined the optimal reaction conditions for the formation of α-aroyl-α-(2-bromoaryl)acetonitrile **8a** from 3-(methylthio)-2-(2-bromoaryl)acrylonitrile **1a**. Thus, when **1a** was reacted with benzyl carbamate **4a** (2 equiv.), in the presence of 2 equiv. of NaH in dimethylformamide (DMF), the ketonitrile **8a** was obtained in 84% yield ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). However, in the presence of solvents, like tetrahydrofuran, dioxane, toluene, or weaker bases like potassium or cesium carbonate, the starting material **1a** remained unchanged, although in the presence of potassium-*t*-butoxide as base, **8a** was obtained in 50% yield ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}).^[@ref9]^ The ketone **8a** was subjected to intramolecular heterocyclization in the presence of 10 mol % Cu(I) iodide, NaH (2 equiv.), and [l]{.smallcaps}-proline (20 mol %) as ligand in DMF as solvent, furnishing 2-(4-methoxyphenyl)-3-cyano-5-methoxybenzofuran **7a** in 83% yield ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}).

![Synthesis of α-Ketonitrile **8a** and Benzofuran **7a**\
Ar = 4-(MeO)-C~6~H~4~.\
Yield with 1 equiv. of NaH.\
Yield with 2 equiv. of KO*^t^*Bu.](ao-2018-01172f_0005){#sch3}

These optimal reaction conditions were used throughout our studies for the one-pot synthesis of various substituted benzofuran **7** without the isolation of ketonitrile **8** ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Thus, **1b**--**d** bearing both electron-rich and electron-poor substituents on aryl ring underwent cyclization smoothly, yielding benzofuran **7b**--**d** in good to high yields ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 2--4). Similarly, the 3-cyanobenzofuran **7e**--**k** bearing 2-(het)aryl groups could also be synthesized from the respective 2-(2-bromoaryl)-3-(het)arylacrylonitrile **1e**--**k** in good yields ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 5--11). It was also possible to synthesize 2-alkylbenzofuran **7l**--**m** in reasonably good yields from the respective precursors **1l**--**m** ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 12--13). Similarly, the corresponding naphtho\[1,2-*b*\]furan **7n**--**o** could also be obtained in good yields from the corresponding 2-bromonaphthyl precursors **1n**--**o** under identical conditions ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 14--15). The reaction could also be extended for the synthesis of heterofused furans such as furo\[2,3-*b*\]pyridine **7p**--**q** in good yields from the corresponding 2-bromopyridyl precursors **1p**--**q**, respectively ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entries 16--17). However, the corresponding 2-(2-bromoaryl)-3-(methylthio)acrylate **1s** failed to yield the desired 3-carboethoxy-2-arylbenzo\[*b*\]furan **7s** under similar conditions, furnishing only an intractable mixture of products ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 18).

###### One-Pot Synthesis of 2-(Het)aryl-3-cyanobenzofurans **7**[a](#t1fn1){ref-type="table-fn"}

![](ao-2018-01172f_0003){#fx1}

Reaction conditions: **1** (1.0 mmol), **4a** (2.0 mmol), and NaH (2.0 equiv.) in DMF (5 mL), stirred for 6 h at 90 °C, monitored by thin-layer chromatography (TLC); Cul (10 mol %) and [l]{.smallcaps}-proline (20 mol %) were added and heated at 90 °C for 6--8 h.

Only intractable mixture of products was obtained.

Mechanistic Studies {#sec2.1}
-------------------

As shown in [Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}, benzofuran **7** are formed by intramolecular copper-catalyzed cross-coupling of in situ-generated α-aroyl-α-(2-bromoaryl)acetonitrile **8**. We therefore examined the mechanism of the formation of **8** from **1** in the presence of benzyl carbamate **4a** under basic conditions. Thus, **1a** was reacted with various alkyl/aryl carbamates **4a**--**d** under identical conditions and the results are depicted in the [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}. The reaction of **1a** with benzyl carbamate **4a** at 60 °C for 2 h furnished an inseparable mixture of **8a** and β-benzyloxyacrylonitrile **9a** (R = C~6~H~5~CH~2~−) ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 1).^[@ref10]^ However, when the reaction was continued for 6 h at 90 °C, the ketone **8a** was obtained exclusively in 80% yield ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 2). On the other hand, **1a** remained unchanged, when reacted with either *t*-butyl, phenyl, or ethyl carbamate **4b**--**d**, with no trace of **8a**, **9b** (R = *t*-Bu), **9c** (R = Ph), or **9d** (R = Et), even after prolonged heating ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entries 3--5). However, the reaction of **1a** with excess of ethyl carbamate **4d** (5 equiv.), at lower temperature, yielded an inseparable mixture of **9d** along with a minor amount of starting material **1a** and **8a** after 6 h ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 6),^[@ref10]^ which on prolonged heating (24 h) was completely converted to **8a** in high yield under similar conditions ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}, entry 7).

###### Reaction of **1a** with Various Alkyl/Aryl Carbamates **4a**--**d**[a](#t2fn1){ref-type="table-fn"}

![](ao-2018-01172f_0007){#fx2}

                                                                                                     yield %[b](#t2fn2){ref-type="table-fn"}   
  ---------------------------------------------------------------------- ----------------- ---- ---- ----------------------------------------- ----
  1[c](#t2fn3){ref-type="table-fn"}                                      **4a**, PhCH~2~   2    60   55                                        45
  2                                                                      **4a**, PhCH~2~   6    90   85                                        85
  3                                                                      **4b**, *^t^*Bu   24   90                                              
  4                                                                      **4c**, Ph        24   90                                              
  5                                                                      **4d**, Et        24   90                                              
  6[c](#t2fn3){ref-type="table-fn"}^,^[d](#t2fn4){ref-type="table-fn"}   **4d**, El        6    65   5(10)                                     85
  7[d](#t2fn4){ref-type="table-fn"}                                      **4d**, Et        24   65   80                                         

Reaction conditions: **1a** (1.0 mmol), **4** (2.0 mmol), and NaH (2.0 equiv.) in DMF (5 mL).

Yields in parantheses show unreacted starting material **1a**.

Yield is calculated by NMR.

Reaction was conducted with 5 equiv. of ethyl carbamate (**4d**) and NaH (5 equiv.).

On the basis of these studies, we have suggested a probable mechanism for the formation of **8** from **1** in the presence of benzyl/ethyl carbamate **4a** or **4d**, as shown in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}. Thus, base-mediated decarbamoylation of **4a** or **4d** releases benzyloxy or ethoxy anions, respectively,^[@ref11],[@ref12]^ which undergo nucleophilic displacement on **1**, yielding 3-benzyloxy/ethoxy-2-(2-bromoaryl)acrylonitriles **9a** or **9d**, respectively. The compound **9** appears to undergo facile cleavage to α-aroyl-α-arylacetonitriles **8** via attack of a nucleophilic species on the intermediate **11**. The corresponding *t*-butoxy and phenoxy anions generated from the respective carbamates **4b**--**c**, being bulkier and poor nucleophiles, do not react with **1**, to give the corresponding 3-(*t*-butoxy/phenoxy)-2-(2-bromoaryl)acrylonitriles **9b**--**c** ([Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}). The facile decomposition of 3-benzyloxy-2-(2-bromophenyl)acrylonitrile **9a** to **8a** appears to be due to steric crowding in **9a**, because of the presence of 2-bromo group. This was further supported by the observation that when 3-(methylthio)-2,3-bis(aryl)acrylonitrile **13** without any 2-bromo substituent, was reacted with benzyl carbamate under identical conditions, at room temperature, the β-benzyloxyacrylonitrile **14** was obtained within 0.5 h, in 85% yield. When the same reaction was continued at 60 °C, for 12 h, the corresponding α-(aroyl)-α-arylacetonitrile **15** was obtained as an exclusive product in high yield ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}).

![Probable Mechanism for the Formation of α-Aroyl-2-(2-bromoaryl)acetonitrile **8** from Acrylonitrile **7**](ao-2018-01172f_0006){#sch4}

![Reaction of 3-(Methylthio)-2-arylacrylonitrile **13** with Benzyl Carbamate **4a**](ao-2018-01172f_0002){#sch5}

Conclusions {#sec3}
===========

In summary, we have developed a novel one-step synthesis of substituted 2-(het)aryl-3-cyanobenzofurans involving base-induced reaction of 2-(2-bromoaryl)-3-(methylthio)-3-(het)arylacrylonitriles with benzyl carbamate and subsequent Cu(I)-catalyzed heterocyclization of the in situ-generated α-(het)aroyl-α-(2-bromoaryl)acetonitriles. Although syntheses of substituted benzo\[*b*\]furans via C7a--O bond formation by palladium^[@cit4a],[@cit4c]^ or copper^[@cit3a],[@cit3c],[@cit6d]^-catalyzed intramolecular cyclization of α-(2-haloaryl)ketones^[@ref13]^ have been reported, the present method describes a mechanistically interesting, high-yield approach for 3-cyano-2-(het)arylbenzofurans directly from 2-(2-bromoaryl)-3-(methylthio)-3-(het)arylacrylonitriles. The 3-cyano-2-aryl/alkyl benzofurans have been synthesized via FeCl~3~-mediated oxidative ring closure of α-arylketonitriles;^[@cit6f]^ however, the reaction is limited only to substrates with electron-donating groups on benzene ring. Further work to extend this benzofuran synthesis for some biologically important molecules is in progress in our laboratory.

Experimental Section {#sec4}
====================

General Information {#sec4.1}
-------------------

All reactions were monitored by thin-layer chromatography using standard silica gel plates and visualized with UV light. Purification of compounds was performed by column chromatography using 60--120 mesh silica gel. Nuclear magnetic resonance spectra were recorded on a 400 MHz FT-NMR spectrometer with CDCl~3~ (or) DMSO-*d*~6~ as solvent with residual solvent protons as internal standard (δ 7.26 for CDCl~3~ and δ 2.50 for DMSO-*d*~6~ in ^1^H NMR and δ 77.16 for CDCl~3~ and δ 39.52 for DMSO-*d*~6~ in ^13^C NMR). Chemical shifts were reported in δ ppm, and the coupling constants were reported as *J* values in Hertz (Hz). Splitting patterns have been designated as s (singlet), d (doublet), t (triplet), q (quartet), quin (quintet), dd (double doublet), dt (doublet of triplet), td (triplet of doublet), ddd (doublet of doublet of doublet), m (multiplet), and br (broad). Infrared spectra and high-resolution mass spectrometry (HRMS) were recorded in attenuated total reflectance mode using the Fourier-transform infrared spectroscopy instrument and quadrupole time-of-flight spectrometer, respectively. Melting points (uncorrected) were obtained using an electrothermal capillary melting point apparatus. X-ray crystal data was recorded on a diffractometer using Mo Kα radiation (λ = 0.710 73 Å), at room temperature. The structure was solved by direct methods SHELXS-97 and refined by full-matrix least squares against *F*^2^ using SHELXS-97 software.

The desired β-(methylthio)-β-(het)arylacrylonitrile precursors **1a**--**s** were prepared according to our earlier reported procedures.^[@cit8a]^ The spectral and analytical data of the new α-acrylonitrile precursors **1b**, **1d**, **1f**, and **1n**--**q** is given below.

### (*E*/*Z*)-2-(2-Bromo-5-methoxyphenyl)-3-(4-fluorophenyl)-3-(methylthio)acrylonitrile (**1b**) {#sec4.1.1}

Yellow solid (279 mg, 74%); mp 103--105 °C; *R*~f~ 0.3 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.35 (d, *J* = 8.8 Hz, 1H), 7.19--7.15 (m, 2H), 6.96--6.92 (m, 2H), 6.63 (dd, *J* = 8.8 Hz, 3.2 Hz, 1H), 6.48 (d, *J* = 3.2 Hz, 1H), 3.61 (s, 3H), 2.10 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 163.2 (^1^*J*~C--F~ = 250 Hz), 160.4, 158.9, 135.7, 133.8, 131.3, 131.2, 130.2, 130.4, 117.8, 116.7, 116.5, 116.1, 115.9, 114.7, 109.2, 55.6, 16.5; IR (neat, cm^--1^) 2918, 2234, 1546, 1480, 1206, 742; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~14~BrFNOS \[M + H\]^+^ 377.9964 and 379.9943, found 377.9961 and 379.9948.

### (*E*/*Z*)-2-(2-Bromo-4-fluorophenyl)-3-(4-(dimethylamino)phenyl)-3-(methylthio)acrylonitrile (**1d**) {#sec4.1.2}

Yellow solid (340 mg, 87%, *E*/*Z* = 80:20); mp 142--145 °C; *R*~f~ 0.3 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, DMSO-*d*~6~) δ 7.77 (d, *J* = 7.2 Hz, 0.8H), 7.61--7.60 (m, 0.8H), 7.38 (d, *J* = 8.0 Hz, 2.6H), 7.22--7.14 (m, 0.4H), 6.96 (d, *J* = 7.6 Hz, 0.4H), 6.84 (d, *J* = 8.0 Hz, 1.6H), 6.57 (d, *J* = 8.0 Hz, 0.4H), 3.01 (s, 4.8H), 2.88 (s, 1.2H), 2.12 (s, 0.6H), 1.91 (s, 2.4H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 164.7, 163.0, 162.7, 162.5 (^1^*J*~C--F~ = 250 Hz), 151.7, 151.0, 133.8, 133.7, 133.0, 132.9, 132.4, 131.5, 131.0, 130.5, 124.7, 124.6, 121.5, 120.7, 120.4, 120.3, 120.1, 118.2, 117.7, 115.2, 115.2, 115.0, 111.7, 111.2, 104.9, 104.1, 40.1, 40.0, 16.8, 16.7; IR (neat, cm^--1^) 2926, 2207, 1602, 1482, 1230, 848; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~17~BrFN~2~S \[M + H\]^+^ 391.0280 and 393.0259, found 391.0282 and 393.0261.

### (*E*/*Z*)-2-(2-Bromo-4,5-dimethoxyphenyl)-3-(5-(dimethylamino)thiophen-2-yl)-3-(methylthio)acrylonitrile (**1f**) {#sec4.1.3}

Yellow solid (338 mg, 77%, *E*/*Z* = 60:40); mp 173--175 °C; *R*~f~ 0.42 (3:7 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.59 (d, *J* = 4.0 Hz, 0.4H), 7.08 (s, 0.4H), 7.04 (s, 0.6H), 7.03 (d, *J* = 2.8 Hz, 0.4H), 6.89 (s, 0.4H), 6.81 (s, 0.6H), 5.93 (d, *J* = 4.0 Hz, 0.4H), 5.71 (d, *J* = 4.4 Hz, 0.6H), 3.89 (s, 1.2H), 3.88 (s, 1.8H), 3.87 (s, 1.2H), 3.82 (s, 1.8H), 3.04 (s, 3.6H), 2.90 (s, 5.4H), 2.57 (s, 1.6H), 2.09 (s, 1.2H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 165.2, 164.2, 153.3, 150.1, 150.0, 149.8, 149.2, 148.7, 135.8, 133.8, 128.3, 127.8, 121.8, 121.2, 119.8, 115.9, 115.8, 115.6, 115.2, 114.4, 114.3, 103.2, 102.8, 101.2, 56.4, 56.3, 42.3, 42.0, 19.5, 18.4; IR (neat, cm^--1^) 2936, 2217, 1545, 1486, 1275, 740; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~20~BrN~2~O~2~S~2~ \[M + H\]^+^ 439.0150 and 441.0129, found 439.0143 and 441.0124.

### (*E*/*Z*)-2-(1-Bromonaphthalen-2-yl)-3-(4-methoxyphenyl)-3-(methylthio)acrylonitrile (**1n**) {#sec4.1.4}

Off-white solid (275 mg, 72%, *E*/*Z* = 84:16); mp 172--174 °C; *R*~f~ 0.38 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.35 (d, *J* = 8.17 Hz, 0.16H), 8.25 (d, *J* = 8.44 Hz, 0.84H), 7.86 (d, *J* = 8.44 Hz, 0.16H), 7.83 (d, *J* = 7.92 Hz, 0.16H), 7.66 (d, *J* = 7.92 Hz, 0.84H), 7.56--7.45 (m, 3H), 7.11 (d, *J* = 8.68 Hz, 1.68H), 7.03 (d, *J* = 8.6 Hz, 0.32H), 6.95 (d, *J* = 8.44 Hz, 0.32H), 6.64 (d, *J* = 8.68 Hz, 1.68H), 3.84 (s, 0.48H), 3.62 (s, 2.52H), 2.11 (s, 2.52H), 1.88 (s, 0.48H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 161.3, 160.6, 133.6, 133.5, 132.2, 131.0, 130.6, 128.7, 128.6, 128.3, 128.1, 128.0, 127.81, 127.8, 127.6, 127.55, 127.5, 127.3, 126.3, 125.1, 117.2, 114.5, 117.2, 114.5, 109.0, 55.2, 16.6; IR (neat, cm^--1^) 2831, 2221, 1550, 1425, 1236, 750; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~21~H~17~BrNOS \[M + H\]^+^ 410.0214 and 412.0914, found 410.0215 and 412.0914.

### (*E*/*Z*)-2-(1-Bromonaphthalen-2-yl)-3-(1-methyl-1*H*-pyrrol-2-yl)-3-(methylthio)acrylonitrile (**1o**) {#sec4.1.5}

Off-white solid (275 mg, 72%, *E*/*Z* = 58:42); mp 172--174 °C; *R*~f~ 0.38 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.36 (d, *J* = 8.4 Hz, 0.58H), 8.29 (d, *J* = 8.8 Hz, 0.42H), 7.89--7.84 (m, 1.16H), 7.71 (d, *J* = 8.0 Hz, 0.42H), 7.63--7.55 (m, 3H), 7.51--7.46 (m, 1.16H), 6.98 (d, *J* = 8.8 Hz, 0.42H), 6.82 (s, 0.42H), 6.53--6.51 (m, 1H), 6.26 (t, *J* = 3.6 Hz, 0.58H), 6.11--6.10 (m, 0.42H), 5.95 (t, *J* = 3.6 Hz, 0.42H), 3.82 (s, 1.74H), 3.46 (s, 1.26H), 2.11 (s, 1.26H), 1.87 (s, 1.74H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 154.5, 152.8, 134.4, 133.7, 133.5, 132.5, 132.2, 128.6, 128.3, 128.1, 128.0, 127.8, 127.8, 127.6, 127.5, 127.4, 127.3, 126.4, 125.9, 125.8, 125.3, 124.7, 117.4, 117.0, 114.9, 113.5, 109.9, 109.6, 109.0, 108.9, 34.7, 16.2, 15.8; IR (neat, cm^--1^) 2982, 2211, 1546, 1472, 1274, 774; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~19~H~16~BrN~2~S \[M + H\]^+^ 383.0218 and 385.0197, found 383.0217 and 385.0200.

### (*E*)-2-(2-Bromopyridin-3-yl)-3-(4-methoxyphenyl)-3-(methylthio)acrylonitrile (**1p**) {#sec4.1.6}

Off-white solid (310 mg, 86%); mp 190--192 °C; *R*~f~ 0.3 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.21 (dd, *J* = 4.8 Hz, 1.6 Hz, 1H), 7.23 (dd, *J* = 3.6 Hz, 2.0 Hz, 1H), 7.09--7.04 (m, 3H), 6.75 (d, *J* = 8.8 Hz, 1H), 3.75 (s, 3H), 2.13 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 163.8, 160.9, 149.7, 143.6, 140.9, 133.3, 130.9, 125.8, 122.7, 116.6, 114.4, 105.4, 55.4, 16.6; IR (neat, cm^--1^) 2974, 2225, 1548, 1432, 1262, 756; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~16~H~14~BrN~2~OS \[M + H\]^+^ 361.0010 and 363.9990, found 361.0006 and 363.9986.

### (*E*/*Z*)-2-(2-Bromopyridin-3-yl)-3-(1-methyl-1*H*-pyrrol-2-yl)-3-(methylthio)acrylonitrile (**1q**) {#sec4.1.7}

Off-white solid (243 mg, 73%, *E*/*Z* = 63:37); mp 163--165 °C; *R*~f~ 0.3 (6:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.42 (dd, *J* = 4.8 Hz, 2.0 Hz, 0.63H), 8.23 (dd, *J* = 4.8 Hz, 2.0 Hz, 0.37H), 7.74 (dd, *J* = 8.0 Hz, 2.0 Hz, 0.63H), 77.39 (dd, *J* = 8.0 Hz, 4.8 Hz, 0.63H), 7.29--7.26 (m, 0.37H), 7.13 (dd, *J* = 8.0 Hz, 4.8 Hz, 0.37H), 6.84 (t, *J* = 2.0 Hz, 0.63H), 6.62 (t, *J* = 2.0 Hz, 0.37H), 6.50 (dd, *J* = 3.6 Hz, 1.6 Hz, 0.63H), 6.24 (dd, *J* = 4.0 Hz, 2.8 Hz, 0.63H), 6.05--5.99 (m, 0.63H), 3.79 (s, 1.89H), 3.52 (s, 1.11H), 2.11 (s, 1.11H), 1.93 (s, 1.89H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 156.3, 155.0, 150.4, 149.5, 143.2, 142.7, 140.5, 140.3, 133.0, 132.0, 126.8, 126.6, 125.5, 124.5, 123.1, 122.7, 117.1, 116.5, 115.1, 114.1, 109.2, 109.1, 105.9, 105.8, 34.8, 34.7, 16.1, 16.0; IR (neat, cm^--1^) 2198, 2229, 1545, 1451, 1293, 758; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~13~BrN~3~S \[M + H\]^+^ 333.9979 and 335.9963, found 333.9989 and 335.9969.

Procedure for the Synthesis of 2-(2-Bromo-5-methoxyphenyl)-3-(4-methoxyphenyl)-3-oxopropanenitrile (**8a**) {#sec4.2}
-----------------------------------------------------------------------------------------------------------

To a stirring suspension of benzyl carbamate (302 mg, 2.0 mmol) and NaH (88 mg, 2.0 mmol) (60% suspension in mineral oil) in DMF (5 mL), a solution of **1a** (390 mg, 1.0 mmol) in dry DMF (5 mL) was added at room temperature, followed by heating at 90 °C for 6 h (monitored by TLC). The reaction mixture was cooled to room temperature, and sat. NH~4~Cl solution (50 mL) was added and the aqueous layer extracted with EtOAc (3 × 25 mL); the combined organic layer was washed with water (2 × 50 mL) and brine (1 × 50 mL) and dried over Na~2~SO~4~. The solvent was removed under reduced pressure to give the crude product, which was purified by column chromatography over silica gel using EtOAc/hexane as eluents. Off-white solid (350 mg, 84%); mp 116--118 °C; *R*~f~ 0.3 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.97 (d, *J* = 8.8 Hz, 2H), 7.49 (d, *J* = 8.8 Hz, 1H), 7.06 (d, *J* = 3.2 Hz, 1H), 6.95 (d, *J* = 8.8 Hz, 2H), 6.80 (dd, *J* = 9.0 Hz, 3.2 Hz, 1H), 6.03 (s, 2H), 3.88 (s, 3H), 3.78 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 186.7, 164.9, 159.8, 134.1, 131.9, 131.7, 126.7, 117.1, 116.0, 115.7, 114.5, 113.9, 55.8, 45.8; IR (neat, cm^--1^) 2938, 2217, 2831, 1690, 1260, 1167, 1009; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~15~BrNO~3~ \[M + H\]^+^ 360.0235 and 362.0215, found 360.0225 and 362.0209.

Procedure for Copper-Catalyzed Cyclization of 2-(2-Bromo-5-methoxyphenyl)-3-(4-methoxyphenyl)-3-oxopropanenitrile (**8a**) to 5-Methoxy-2-(4-methoxyphenyl)benzofuran-3-carbonitrile (**7a**) {#sec4.3}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CuI (10 mg, 0.05 mmol), [l]{.smallcaps}-proline (11 mg, 0.1 mmol), and NaH (40 mg, 1.0 mmol) (60% suspension in mineral oil) were added to a stirring solution of **8a** (232 mg, 0.5 mmol) in DMF (5 mL), and the reaction mixture was heated at 90 °C for 6 h (monitored by TLC). It was then cooled to room temperature, diluted with ice-cold water (20 mL), and extracted with EtOAc (3 × 20 mL). The combined organic layer was washed with water (2 × 10 mL), brine (1 × 10 mL), dried over Na~2~SO~4~, and the solvent was removed in vacuo. The crude **7a** was purified by column chromatography over silica gel, using EtOAc/hexane as eluent. Off-white solid (232 mg, 83%); mp 163--165 °C; *R*~f~ 0.6 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.12 (d, *J* = 9.2 Hz, 2H), 7.42 (d, *J* = 8.8 Hz, 1H), 7.08 (d, *J* = 2.4 Hz, 1H), 7.04 (d, *J* = 8.8 Hz, 2H), 6.95 (dd, *J* = 8.4 Hz, 2.4 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 162.7, 162.0, 157.5, 148.2, 128.4, 120.9, 115.2, 115.1, 114.8, 112.3, 101.7, 56.1, 55.7; IR (neat, cm^--1^) 2920, 2226, 1602, 1482, 1224, 827; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~14~NO~3~ \[M + H\]^+^ 280.0974, found 280.0956.

General Procedure for Two-Step One-Pot Synthesis of Benzofurans **7a--q** from Acrylonitriles **1a--q** {#sec4.4}
-------------------------------------------------------------------------------------------------------

A solution of acrylonitriles **1a**--**q** (1.0 mmol) in dry DMF (5 mL) was added to a stirring suspension of the benzyl carbamate (302 mg, 2.0 mmol) and NaH (80 mg, 2.0 mmol) (60% suspension in mineral oil) in DMF (5 mL) at room temperature, and the reaction mixture was heated at 90 °C for 6--8 h (monitored by TLC). CuI (19 mg, 0.1 mmol) and [l]{.smallcaps}-proline (23 mg, 0.2 mmol) were added to the reaction mixture, and the heating of the reaction mixture was continued at same temperature for 6 h (monitored by TLC). The heating was stopped, and the reaction mixture was diluted with sat. NH~4~Cl solution (30 mL) and extracted with EtOAc (3 × 25 mL); the combined extract was washed with water (2 × 25 mL) and brine (1 × 50 mL) and dried over Na~2~SO~4~ and evaporated under reduced pressure to give crude products, which were purified by column chromatography over silica gel using EtOAc/hexane as eluent.

### 2-(4-Fluorophenyl)-5-methoxybenzofuran-3-carbonitrile (**7b**) {#sec4.4.1}

Yellow solid (200 mg, 75%); mp 145--147 °C; *R*~f~ 0.6 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.19--8.15 (m, 2H), 7.44 (d, *J* = 9.2 Hz, 1H), 7.26--7.21 (m, 2H), 7.11 (d, *J* = 2.4 Hz, 1H), 7.00 (dd, *J* = 9.2 Hz, 2.4 Hz, 1H), 3.89 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 164.3 (^1^*J*~C--F~ = 252 Hz), 161.3, 157.6, 148.2, 128.8, 128.7, 128.6, 127.9, 124.5, 124.49, 116.7, 116.5, 116.0, 114.5, 112.5, 101.8, 88.1, 56.1; IR (neat, cm^--1^) 3079, 2219, 1599, 1453, 1290, 801; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~16~H~11~FNO~2~ \[M + H\]^+^ 268.0774, found 268.0777.

### 6-Fluoro-2-(4-methoxyphenyl)benzofuran-3-carbonitrile (**7c**) {#sec4.4.2}

White solid (162 mg, 61%); mp 160--162 °C; *R*~f~ 0.72 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.10 (d, *J* = 8.8 Hz, 2H), 7.60 (dd, *J* = 8.8 Hz, 5.2 Hz, 1H), 7.28--7.26 (m, 1H), 7.13 (td, *J* = 9.2 Hz, 2.0 Hz, 1H), 7.04 (d, *J* = 9.2 Hz, 2H), 3.90 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 163.0, 162.8, 162.1, 162.5 (^1^*J*~C--F~ = 257 Hz), 153.2, 153.1, 128.3, 123.7, 120.4, 120.3, 120.2, 114.8, 114.5, 113.3, 113.0, 99.9, 99.6, 86.2, 55.6; IR (neat, cm^--1^) 2951, 2223, 1605, 1438, 1259, 827; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~16~H~11~FNO~2~ \[M + H\]^+^ 268.0774, found 268.0761.

### 2-(4-(Dimethylamino)phenyl)-6-fluorobenzofuran-3-carbonitrile (**7d**) {#sec4.4.3}

Pale green solid (168 mg, 60%); mp 130--132 °C; *R*~f~ 0.6 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.04 (d, *J* = 8.8 Hz, 2H), 7.54 (dd, *J* = 8.4 Hz, 5.2 Hz, 1H), 7.23 (dd, *J* = 8.4 Hz, 2.4 Hz, 1H), 7.11--7.06 (m, 1H), 6.77 (d, *J* = 8.8 Hz, 2H), 3.08 (s, 6H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 164.1, 161.2 (^1^*J*~C--F~ = 246 Hz), 153.0, 152.7, 152.0, 128.0, 124.1, 119.6, 119.5, 115.1, 115.0, 112.6, 112.4, 111.7, 99.5, 99.2, 83.6, 40.0; IR (neat, cm^--1^) 2919, 2210, 1603, 1485, 1273, 768; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~14~FN~2~O \[M + H\]^+^ 281.1090, found 281.1086.

### 5-Methoxy-2-(thiophen-2-yl)benzofuran-3-carbonitrile (**7e**) {#sec4.4.4}

Off-white solid (189 mg, 74%); mp 121--123 °C; *R*~f~ 0.64 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.98--7.97 (m, 1H), 7.57 (dd, *J* = 4.8 Hz, 0.4 Hz, 1H), 7.42 (d, *J* = 8.8 Hz, 1H), 7.21 (dd, *J* = 4.8 Hz, 4.0, 1H), 7.09 (d, *J* = 2.4 Hz, 1H), 6.97 (dd, *J* = 9.2 Hz, 2.4 Hz, 1H), 3.89 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 157.7, 148.2, 130.2, 129.7, 129.0, 128.7, 127.8, 115.7, 114.2, 112.5, 101.8, 56.1; IR (neat, cm^--1^) 3089, 2219, 1581, 1477, 1259, 796; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~10~NO~2~S \[M + H\]^+^ 256.0432, found 256.0419.

### 2-(5-(Dimethylamino)thiophen-2-yl)-5,6-dimethoxybenzofuran-3-carbonitrile (**7f**) {#sec4.4.5}

Pale orange solid (229 mg, 70%); mp 172--173 °C; *R*~f~ 0.7 (3:7 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.63 (d, *J* = 4.4 Hz, 1H), 7.00 (d, *J* = 7.6 Hz, 2H), 5.91 (d, *J* = 4.4 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.06 (s, 6H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 162.7, 158.6, 148.3, 147.8, 147.2, 130.2, 119.8, 115.7, 113.1, 103.0, 100.4, 95.6, 81.8, 56.60, 56.57, 42.5; IR (neat, cm^--1^) 2921, 2205, 1527, 1490, 1213, 740; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~17~N~2~O~3~S \[M + H\]^+^ 329.0960, found 329.0955.

### 2-(Furan-2-yl)benzofuran-3-carbonitrile (**7g**) {#sec4.4.6}

Off-white solid (167 mg, 80%); mp 140--142 °C; *R*~f~ 0.6 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.71--7.69 (m, 2H), 7.55 (dd, *J* = 4.8 Hz, 1.2 Hz, 1H), 7.42--7.38 (m, 2H), 7.22 (dd, *J* = 3.6 Hz, 0.8 Hz, 1H), 6.64 (dd, *J* = 3.6 Hz, 2.0 Hz, 1H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 153.5, 153.4, 145.5, 143.5, 126.5, 126.4, 125.0, 120.0, 113.3, 113.2, 112.5, 111.8, 87.0; IR (neat, cm^--1^) 3144, 2221, 1544, 1470, 1161, 742; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~13~H~8~NO~2~ \[M + H\]^+^ 210.0555, found 210.0540.

### 5,6-Dimethoxy-2-(1-methyl-1*H*-indol-3-yl)benzofuran-3-carbonitrile (**7h**) {#sec4.4.7}

Off-white solid (255 mg, 77%); mp 178--180 °C; *R*~f~ 0.62 (3:7 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.31 (d, *J* = 7.6 Hz, 1H), 8.07 (s, 1H), 7.41--7.30 (m, 3H), 7.17 (s, 1H), 7.06 (s, 1H), 3.97 (s, 6H), 3.90 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 161.1, 148.4, 148.0, 147.7, 137.0, 130.2, 125.3, 123.5, 121.87, 121.85, 119.2, 110.1, 105.2, 100.5, 95.9, 83.5, 56.64, 56.62, 33.7; IR (neat, cm^--1^) 2932, 2216, 1586, 1470, 1236, 748; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~17~N~2~O~3~ \[M + H\]^+^ 333.1239, found 333.1240.

### 6-Fluoro-2-(1-methyl-1*H*-pyrrol-2-yl)benzofuran-3-carbonitrile (**7i**) {#sec4.4.8}

White solid (139 mg, 58%); mp 155--157 °C; *R*~f~ 0.6 (1:9 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.58 (dd, *J* = 8.4 Hz, 5.2 Hz, 1H), 7.25--7.21 (m, 2H), 7.13 (td, *J* = 8.8 Hz, 2.4 Hz, 1H), 6.84--6.83 (m, 1H), 6.29 (dd, *J* = 4.0 Hz, 2.4 Hz, 1H), 3.99 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 161.3 (^1^*J*~C--F~ = 244 Hz), 157.9, 153.0, 152.8, 129.0, 128.7, 123.1, 120.9, 120.1, 120.0, 116.0, 114.4, 113.3, 113.0 110.0, 99.8, 99.5, 85.7, 37.3; IR (neat, cm^--1^) 2995, 2215, 1581, 1481, 1129, 771; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~10~FN~2~O \[M + H\]^+^ 241.0777, found 241.0776.

### 5,6-Dimethoxy-2-(1-methyl-1*H*-imidazol-2-yl)benzofuran-3-carbonitrile (**7j**) {#sec4.4.9}

Off-white solid (223 mg, 79%); mp 162--165 °C; *R*~f~ 0.6 (6:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.31 (d, *J* = 0.8 Hz, 1H), 7.13 (s, 1H), 7.09 (s, 1H), 7.02 (s, 1H), 4.03 (s, 3H), 3.98 (s, 3H), 3.96 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 152.2, 150.0, 148.6, 148.5, 136.8, 131.1, 124.4, 118.8, 113.7, 100.8, 95.5, 91.3, 56.63, 56.60, 35.4; IR (neat, cm^--1^) 3105, 2222, 1597, 1488, 1212, 776; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~14~N~3~O~3~ \[M + H\]^+^ 284.1035, found 284.1029.

### 5-Methoxy-2-(pyridin-3-yl)benzofuran-3-carbonitrile (**7k**) {#sec4.4.10}

Off-white solid (180 mg, 72%); mp 136--138 °C; *R*~f~ 0.6 (4:6 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 9.38 (br s, 1H), 8.74 (br s, 1H), 8.47 (dd, *J* = 8.0 Hz, 1.6 Hz, 1H), 7.50 (d, *J* = 8.8 Hz, 2H), 7.14 (d, *J* = 2.4 Hz, 1H), 7.05 (dd, *J* = 9.2 Hz, 2.4 Hz, 1H), 3.90 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 159.4, 157.8, 151.6, 148.8, 147.6, 133.4, 127.8, 124.1, 116.8, 113.9, 112.8, 101.8, 90.0, 56.2; IR (neat, cm^--1^) 2954, 2219, 1627, 1478, 1253, 742; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~11~N~2~O~2~ \[M + H\]^+^ 251.0821, found 251.0817.

### 2-Butylbenzofuran-3-carbonitrile (**7l**) {#sec4.4.11}

Off-white solid (155 mg, 78%); mp 181--183 °C; *R*~f~ 0.7 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.63--7.61 (m, 1H), 7.50--7.47 (m, 1H), 7.35--7.31 (m, 2H), 2.97 (t, *J* = 7.6 Hz, 2H), 1.86--1.78 (m, 2H), 1.49--1.39 (m, 2H), 0.98 (t, *J* = 7.2 Hz, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 168.7, 153.6, 126.0, 125.5, 124.3, 119.6, 113.5, 111.5, 90.7, 29.5, 28.0, 22.2, 13.6; IR (neat, cm^--1^) 3251, 2198, 1545, 1451, 1293, 758; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~13~H~14~NO \[M + H\]^+^ 200.1075, found 200.1072.

### 2-Isopropyl-5,6-dimethoxybenzofuran-3-carbonitrile (**7m**) {#sec4.4.12}

Pale yellow solid (164 mg, 67%); mp 181--183 °C; *R*~f~ 0.5 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.03 (s, 1H), 7.02 (s, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.37 (quin, *J* = 7.2 Hz, 1H), 1.42 (d, *J* = 7.2 Hz, 6H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 171.5, 148.9, 148.1, 147.9, 118.3, 114.0, 100.7, 95.7, 88.7, 56.6, 56.5, 29.0, 20.9; IR (neat, cm^--1^) 2923, 2222, 1578, 1441, 1212, 760; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~14~H~16~NO~3~ \[M + H\]^+^ 246.1130, found 246.1128.

### 2-(4-Methoxyphenyl)naphtho\[1,2-*b*\]furan-3-carbonitrile (**7n**) {#sec4.4.13}

Pale yellow solid (227 mg, 76%); mp 186--188 °C; *R*~f~ 0.6 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.27 (d, *J* = 8.4 Hz, 1H), 8.16 (d, *J* = 8.8 Hz, 2H), 7.91 (d, *J* = 8.4 Hz, 1H), 7.73 (d, *J* = 8.8 Hz, 1H), 7.67--7.60 (m, 2H), 7.54--7.50 (m, 1H), 7.03 (d, *J* = 8.8 Hz, 2H), 3.89 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 161.7, 161.1, 148.7, 132.0, 128.6, 128.0, 127.1, 126.1, 125.4, 123.4, 120.8, 120.7, 119.8, 117.2, 114.8, 114.6, 87.4, 55.5; IR (neat, cm^--1^) 2984, 2220, 1540, 1474, 1246, 774; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~20~H~14~NO~2~ \[M + H\]^+^ 300.1025, found 300.1032.

### 2-(1-Methyl-1*H*-pyrrol-2-yl)naphtho\[1,2-*b*\]furan-3-carbonitrile (**7o**) {#sec4.4.14}

Pale yellow solid (218 mg, 80%); mp 123--125 °C; *R*~f~ 0.5 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.09 (d, *J* = 8.4 Hz, 1H), 7.87 (d, *J* = 8.0 Hz, 1H), 7.68 (d, *J* = 8.8 Hz, 1H), 7.59--7.58 (m, 2H), 7.49--7.47 (m, 1H), 7.22 (dd, *J* = 8.0 Hz, 1.6 Hz, 1H), 6.814--6.810 (m, 1H), 6.28 (dd, *J* = 4.0 Hz, 2.4 Hz, 1H), 4.02 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 156.1, 148.3, 131.7, 128.7, 128.1, 127.2, 125.9, 125.5, 122.8, 121.3, 120.5, 119.4, 117.2, 115.2, 114.7, 109.7, 86.8, 37.2; IR (neat, cm^--1^) 2975, 2210, 1596, 1476, 1270, 764; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~18~H~13~N~2~O \[M + H\]^+^ 273.1028, found 273.1010.

### 2-(4-Methoxyphenyl)furo\[2,3-*b*\]pyridine-3-carbonitrile (**7p**) {#sec4.4.15}

White solid (192 mg, 77%); mp 205--207 °C; *R*~f~ 0.5 (2:8 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.39 (dd, *J* = 5.2 Hz, 2.0 Hz, 1H), 8.22 (d, *J* = 9.2 Hz, 2.0 Hz, 1H), 8.03 (dd, *J* = 8.0 Hz, 1.6 Hz, 1H), 7.37 (dd, *J* = 7.6 Hz, 4.8 Hz, 1H), 7.07 (d, *J* = 9.2 Hz, 2H), 3.91 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 162.7, 162.0, 160.1, 145.6, 129.0, 128.9, 121.1, 120.2, 119.9, 115.0, 114.1, 85.2, 55.7; IR (neat, cm^--1^) 2918, 2221, 1503, 1451, 1263, 796; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~15~H~11~N~2~O~2~ \[M + H\]^+^ 251.0821, found 251.0817.

### 2-(1-Methyl-1*H*-pyrrol-2-yl)furo\[2,3-*b*\]pyridine-3-carbonitrile (**7q**) {#sec4.4.16}

White solid (158 mg, 71%); mp 132--134 °C; *R*~f~ 0.5 (6:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 8.31 (m, 1H), 7.96 (dd, *J* = 7.6 Hz, 1.5 Hz, 1H), 7.37--7.35 (m, 1H), 6.88--6.87 (m, 1H), 6.32--6.31 (m, 1H), 4.06 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 159.7, 156.5, 144.6, 129.6, 128.3, 121.1, 120.3, 119.5, 117.1, 114.0, 110.3, 83.5, 37.6; IR (neat, cm^--1^) 3251, 2217, 1572, 1421, 1125, 766; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~13~H~10~N~3~O \[M + H\]^+^ 224.0824, found 224.0820.

Procedure for the Synthesis of 2-(2-Bromo-5-methoxyphenyl)-3-benzyloxy-3-(4-methoxyphenyl)acrylonitrile (**9a**) from 2-(2-Bromo-5-methoxyphenyl)-3-(4-methoxyphenyl)-3-(methylthio)acrylonitrile (**1a**) and Benzyl Carbamate (**4a**) {#sec4.5}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To a stirring solution of NaH (80 mg, 2.0 mmol) (60% suspension in mineral oil) and benzyl carbamate (302 mg, 2.0 mmol) in DMF (5 mL), a solution of **1a** (390 mg, 1.0 mmol) in DMF (2 mL) was added and the reaction mixture was heated at 60 °C for 2 h (monitored by TLC). The reaction mixture was cooled to room temperature and diluted with sat. NH~4~Cl solution (25 mL) and extracted with EtOAc (3 × 25 mL); combined organic layers were washed with water (2 × 25 mL), brine (25 mL), dried over Na~2~SO~4~, and concentrated in vacuo. Attempted purification of the crude product by column chromatography using hexane/EtOAc as eluents, gave only a mixture of ketone **8a** (55%) and **9a** (45%, 70:30 mixture of *E*/*Z* isomers): Yellow semisolid; *R*~f~ 0.5 (1:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ (for **9a**) 7.58 (d, *J* = 8.4 Hz, 0.6H), 7.48 (d, *J* = 8.4 Hz, 1.4H), 7.35--7.34 (m, 0.6H), 7.25--7.22 (m, 1.4H), 7.07--7.05 (m, 1H), 6.84--6.75 (m, 2H), 4.75 (s, 0.6H), 4.67 (s, 1.4H), 3.86 (s, 0.9H), 3.85 (s, 2.1H), 3.75 (s, 2.1H), 3.74 (s, 0.9H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 186.6, 169.7, 164.8, 161.8, 161.2, 159.6, 158.9, 158.8, 141.0, 135.8, 135.6, 134.0, 133.8, 133.6, 133.4, 131.8, 131.6, 131.0, 130.9, 130.5, 128.6, 128.54, 1238.46, 128.31, 128.2, 127.7, 127.6, 127.0, 126.5, 123.5, 123.0, 117.3, 116.9, 119.3, 116.1, 115.9, 115.6, 114.4, 114.3, 113.9, 113.8, 95.0, 73.4, 73.0, 65.3, 55.68, 55.66, 45.7; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for **9a** C~24~H~21~BrNO~3~ \[M + H\]^+^ 450.0705 and 452.0684, found 450.0657 and 452.0640.

Procedure for the Synthesis of 2-(2-Bromo-5-methoxyphenyl)-3-ethoxy-3-(4-methoxyphenyl)acrylonitrile (**9d**) from 2-(2-Bromo-5-methoxyphenyl)-3-(4-methoxyphenyl)-3-(methylthio)acrylonitrile (**1a**) and Ethyl Carbamate (**4d**) {#sec4.6}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To a stirring solution of NaH (200 mg, 5.0 mmol) (60% suspension in mineral oil) and ethyl carbamate (447 mg, 5.0 mmol) in DMF (8 mL), a solution of **1a** (390 mg, 1.0 mmol) in DMF (2 mL) was added and the reaction mixture was heated at 65 °C for 6 h (monitored by TLC). The reaction mixture was cooled to room temperature and diluted with sat. NH~4~Cl solution (25 mL) and extracted with EtOAc (3 × 25 mL); combined organic layers were washed with water (2 × 25 mL), brine (25 mL), dried over Na~2~SO~4~, and concentrated in vacuo. Attempted purification of the crude product by column chromatography using hexane/EtOAc as eluents gave only a mixture of unreacted acrylonitrile **1a** (10%, 67:34 mixture of *E*/*Z* isomers), ketone **8a** (5%), and **9a** (85%, 60:40 mixture of *E*/*Z* isomers): Yellow semisolid; *R*~f~ 0.5 (1:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ (for **9d**) 7.60 (d, *J* = 8.4 Hz, 1.2H), 7.51 (d, *J* = 8.4 Hz, 0.8H), 7.40 (d, *J* = 8.8 Hz, 0.4H), 7.12 (d, *J* = 8.4 Hz, 0.6H), 7.01 (d, *J* = 8.4 Hz, 1.2H), 6.95 (d, *J* = 2.8 Hz, 0.6H), 6.78 (dd, *J* = 8.8 Hz, 2.8 Hz, 0.6H), 6.75 (d, *J* = 8.8 Hz, 0.8H), 6.66 (dd, *J* = 8.8 Hz, 3.2 Hz, 0.4H), 6.58 (d, *J* = 2.8 Hz, 0.4H), 4.01 (q, *J* = 7.2 Hz, 0.8H), 3.87 (s, 1.8H), 3.81 (s, 1.8H), 3.79 (q, *J* = 7.2 Hz, 1.2H), 3.76 (s, 1.2H), 3.62 (s, 1.2H), 1.37 (t, *J* = 7.2 Hz, 1.2H), 1.12 (t, *J* = 7.2 Hz, 1.8H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 170.2, 169.9, 163.3, 161.7, 161.4, 161.14, 161.08, 160.5, 159.2, 158.9, 158.8, 158.7, 136.1, 135.3, 134.4, 134.1, 133.9, 133.6, 133.56, 133.5, 130.9, 130.8, 130.7, 130.5, 127.1, 126.3, 123.9, 123.4, 119.4, 118.1, 117.7, 117.6, 117.2, 116.8, 116.7, 116.3, 116.1, 116.0, 115.7, 115.1, 114.4, 114.2, 114.1, 114.0, 113.9, 106.9, 95.1, 93.7, 67.7, 67.6, 55.7, 55.6, 55.5, 55.43, 55.40, 55.28, 55.25, 16.5, 16.47, 15.24, 15.20; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for **9d** C~19~H~19~BrNO~3~ \[M + H\]^+^ 388.0548 and 390.0528, found 388.0551 and 390.0533.

Procedure for the Synthesis of 2-(5-Methoxyphenyl)-3-benzyloxy-3-(4-methoxyphenyl)acrylonitrile (**14**) from 2-(5-Methoxyphenyl)-3-(4-methoxyphenyl)-3-(methylthio)acrylonitrile (**13**) and Benzyl Carbamate **(4a)** {#sec4.7}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To a stirring solution of NaH (80 mg, 2.0 mmol) (60% suspension in mineral oil) and benzyl carbamate (302 mg, 2.0 mmol) in DMF (5 mL), a solution of **13** (311 mg, 1.0 mmol) in DMF (2 mL) was added and the reaction mixture was stirred at room temperature for 30 min (monitored by TLC). It was then cooled to room temperature and diluted with sat. NH~4~Cl solution (25 mL) and extracted with EtOAc (3 × 25 mL); combined organic layers were washed with water (2 × 25 mL), brine (25 mL), dried over Na~2~SO~4~, and concentrated in vacuo. The crude product was purified by column chromatography using hexane/EtOAc as eluent. Pale yellow semisolid (321 mg, 85%); *R*~f~ 0.5 (1:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.52--7.49 (m, 1.9H), 7.32--7.2 (m, 5H), 7.18--7.17 (m, 1.8H), 7.01 (d, *J* = 8.8 Hz, 1.8H), 6.84--6.82 (m, 1.2H), 4.91 (s, 0.2H), 4.83 (s, 1.8H), 3.88 (s, 2.7H), 3.82 (s, 0.3H), 3.68 (s, 2.7H), 3.61 (s, 0.3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 167.9, 161.5, 159.5, 135.7, 133.4, 131.4, 130.9, 129.2, 128.6, 128.5, 128.1, 128.0, 124.6, 121.0, 120.1, 114.3, 114.1, 113.4, 96.5, 73.3, 55.4, 55.2; IR (neat, cm^--1^) 2922, 2204, 1590, 1250, 1022; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~24~H~22~NO~3~ \[M + H\]^+^ 372.1600, found 372.1596.

Procedure for the Synthesis of 2-(3-Methoxyphenyl)-3-(4-methoxyphenyl)-3-oxopropanenitrile (**15**) {#sec4.8}
---------------------------------------------------------------------------------------------------

The ketonitrile **15** was prepared by heating the above reaction mixture (for **14**) at 60 °C for 12 h (monitored by TLC). Work-up and column chromatography of the reaction mixture, as described above, gave **15** as off-white solid (305 mg, 89%); mp 132--134 °C; *R*~f~ 0.4 (1:4 EtOAc/hexane); ^1^H NMR (400 MHz, CDCl~3~) δ 7.92 (d, *J* = 8.8 Hz, 2H), 7.27 (t, *J* = 8.0 Hz, 1H), 7.00 (d, *J* = 8.0 Hz, 1H), 6.91 (s, 1H), 6.90 (d, *J* = 8.8 Hz, 2H), 6.87--6.85 (m, 1H), 5.54 (s, 1H), 3.83 (s, 3H), 3.77 (s, 3H); ^13^C{^1^H} NMR (100 MHz, CDCl~3~) δ 182.1, 159.3, 155.1, 126.9, 126.5, 125.4, 121.0, 115.2, 111.7, 109.3, 109.0, 108.6, 50.4, 50.1, 41.1; IR (neat, cm^--1^) 2936, 2249, 1677, 1596, 1169; HRMS (ESI-Q-TOF) *m*/*z*: \[M + H\]^+^ calcd for C~17~H~16~NO~3~ \[M + H\]^+^ 282.1130, found 282.1109.
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